The purpose of this present study was to investigate the influence of material filler and RGB values' fluctuation on creating a calibration curve, which indicates the relationship between material thickness and transmitted light brightness using the transillumination method. Creating the calibration curves were carried out through the following three methods; 1) the conventional method creates the calibration curve with a formula of thickness, 2) the maximum value method, with samples of a specified thickness, and 3) the actual value method, with a microscope. Furthermore, the reliability of each curve was verified via scanned artificial tooth data. In addition, the characteristics of light decrement were investigated. From our results, it was suggested that the filler diameter must be considered when the calibration curve is created using the bite impression material with a filler. In addition, it was suggested that the RGB values' fluctuation did not influence the calibration curve.
INTRODUCTION
A transillumination method involves examining occlusal contacts from the perforated state of the bite impression material. In previous studies [1] [2] [3] [4] [5] [6] [7] [8] [9] , a black silicone has been used for inter-occlusal recording. Therefore this method is called the "silicone-black method." From this method, it is possible to preserve occlusal findings and compare them through observation.
In 1984, Philip 10) described that the cause of slight differences between the inter-occlusal records in the transillumination method could be due to variations in each individual silicone mix, and the bite-taking condition, such as the deviations of the mandible or the hinge axis of the articulator, and the bite force. In addition, they reported that if the angle of the observation surface is greater than 25 degrees, the uncertainty is greater than 10% for the range of interest. In this way, several error factors in the transillumination method have been revealed in previous studies, such as the following issues; 1. The color and uneven splotching of the material, 2. The light position and condition, 3. The distance between the inter-occlusal record and the light, and 4. The inclination of inter-occlusal record 4, 6, 8, 9, 10) . To avoid these errors, several alternatives were proposed. In 2007, Ando et al. 9) investigated color (mixture rate) of bite impression material and light condition. In 1988, Murata 4) used a support frame to retain position and configuration of a taken impression. Furthermore, to obtain stable and accurate data, the taken internalocclusal record was trimmed and placed on the light.
To resolve these issues, it was suggested that a bite impression with a filler could have an advantage over black silicone. Due to the filler's composition, the configuration stability and potential for modification were improved. Furthermore, in auto-mixing type materials, the occurrence of uneven coloring is decreased. However, in most previous studies, a 2 paste type silicone has been used, and the influence of material filler and RGB values' fluctuation in the transillumination method has not be revealed.
The purpose of this present study was to investigate the influence of filler in the impression material used and RGB values' fluctuation for creating a calibration curve which indicated the relationship between material thickness and transmitted light brightness in the transillumination method.
MATERIALS AND METHODS
Calibration curves were created carried out through the 3 methods below. Furthermore, the reliability of each curve was verified via scanned artificial tooth data. In addition, the characteristics of light decrement were investigated.
Material
In this present study, Correct Quick Bite (Pentron Japan Inc. Tokyo, Japan) was selected. The working time range was from 45 to 60 s, and the setting time range was from 60 to 75 s. The other physical properties were as follows: Consistency=28 mm, Elastic distortion=5%, Thin line reproducibility=50 µm, Shore hardness=63-65. In addition, this material was an auto-mixing type and Creating the calibration curve 1. Conventional method (CM-Calibration) The contact relation between a metal plate and 10 mm steel sphere (JIS 28 grade, Daio Steel Ball MFG Co., Osaka, Japan) was recorded with Correct Quick Bite according to manufacturer instructions. Five records were created in the same condition. The bite impression material was put on a film viewer. Photos were taken with a digital camera in a darkroom to avoid a diffused light. The setting and parameters were as follows: Camera: Nikon D90 (Nikon Co., Tokyo, Japan), Lens: Medical Nikkor 120 mm (Nikon Co.), Shutter speed: 1/20 s, Diaphragm: F4, Film viewer: LightViewer 7000PRO (Mean brightness: 1400±300 cd/mm 2 , Hakuba, Tokyo, Japan), Distance between light and object was: 530 mm.
Influence of filler on bite impression material in transillumination method for occlusal examination
The photos taken were analyzed via Photoshop (Adobe Systems Inc., California, USA). The color photos were converted to gray scale (256 gradations). The relationship between material thickness and transmitted light brightness was calculated through the following formula: h=R−√ R 2 −r 2 , where h=material thickness, R=radius of sphere, r=radius in the specific thickness 2) . From the transmitted light brightness and calculated thickness of the material, the calibration curve was created by quadratic approximation of extrapolated data (CM curve).
Maximum value method (MV-Calibration)
The positional relation between the metal plate and the sphere on the fatigue and endurance tester (Servopulser, MMT-101NV-10, Shimadzu Co., Kyoto, Japan) was varied from 0 to 200 µm by 10 µm increments. Each of the 21 positional relations was recorded with Correct Quick Bite according to manufacturer instructions. Five records were created in each condition. Subsequently, the photos were taken and converted to gray scale as in the method above. In each condition, the maximum transmitted light brightness value was detected. Consequently, from the values generated via the Servopulser and the maximum brightness values, the calibration curve was created by quadratic approximation of extrapolated data (MV curve).
Actual value method (AV-Calibration)
After measuring via the above method (MV-Calibration), the 21 records were cut in half at the center of the thinnest point, and the minimum thickness was measured through a microscope (VHX-200-100F, Keyence Co., Osaka, Japan). Consequently, from the actual thickness values and maximum brightness values, the calibration curve was created by quadratic approximation of extrapolated data (AV curve).
Verification of the reliability in each calibration curve
The reliability of each calibration curve was verified by comparison with measured areas of cross sections from an artificial tooth (Shofu Inc., Kyoto, Japan). The artificial tooth was scanned with a 3D scanner (Rexcan DS, Solutionix Co., Seoul, Korea). The coordinate values of mesio and disto-buccal cusp, and mesio-palatal cusp were measured in VR space. These 3 points were registered on a horizontal plane via the ICP algorithm. Subsequently, planes parallel with the horizontal plane were marked at every 10 µm towards the collum dentis, and areas of the cross section of the artificial tooth were measured at each level.
In real space, the contact relation between the artificial teeth and the metal plane was recorded with Correct Quick Bite. Through each calibration curve, the area was calculated at each brightness value.
Characteristic of light decrement
For investigating the characteristics of light decrement, the positional relations between the metal plate and the sphere on the Servopulser were recorded at 20, 40, and 60 µm. Color photographs were taken and the RGB values' fluctuation and gray scale value were measured at the center of the sphere and at a constant interval distance on those photographs. Figure 1 shows the calibration curves which were created via the 3 different methods. The MV curve and AV curve approximately corresponded with each other. Conversely, the CM curve registered below the MV and AV curve. The quadratic approximation formula of CM curve, MV curve and AV curve were y=0.0076x 2 −3.8879x+499.57, y=0.0088x 2 −4.448x+573.53 and y=0.0091x 2 −4.552x+585.23, respectively. R 2 values, respectively, were 0.9975, 0.9952 and 0.9943. Figure 2 shows a microscope generated image of bite impression material with fillers. Mean diameter of the filler was 10.1±4.65 µm. Therefore, a calibration curve was created from a preparation with a 20 µm positional relation (CM20 curve) (Fig. 3) . The quadratic approximation formula of the CM20 curve was y=0.0086x 2 −4.4137x+577.49 (R²=0.998). 
RESULTS

Created calibration curve
MV curve
Verification of the reliability in each calibration curve Figure 4 shows the relationship between the brightness value and area which were calculated via the MV, AV and CM curve in mesio and disto-buccal cusp, and mesio-palatal cusp. The MV curve and AV curve approximately corresponded with the control. Therefore, it was considered that these curves were more reliable than the CM curve. Table 1 shows the cross section/ area of the mesio-buccal cusp at each brightness level. In the CM curve, the calculated area was smaller than the others. Figure 5 shows the relationship between the brightness value and the area which was calculated via the MV, AV and CM20 curve in mesio and disto-buccal cusp, and mesio-palatal cusp. In the CM20 curve, the calculated area was similar to other curves, MV and AV (Table 2 ). Figure 6 shows the relationship between the gray scale value and each RGB value. In the same gray scale value, each RGB value was constant regardless of subject and transmitted light condition. Figure 7 shows the characteristic of decrement in each RGB value component. The decrement of blue was slower than that of the red and green. 
Characteristics of light decrement
DISCUSSION
The MV curve and AV curve approximately corresponded with each other. From the results of the verification via VR model, the MV and AV curve were more reliable than the CM curve. In 2004, Matsui et al. 8) created preparations at 4 thicknesses (10, 20, 30, 40 µm). They reported that stable and accurate calibration data could be obtained under matching measurement conditions. In 1996, Yanagida et al. 11) performed a similar study via a color scanner, and reported on its potential for clinical application. Our result corresponded with these previous studies.
Contrariwise, the CM curve registered below the other curves. It was suggested that the CM curve deviation was due to the filler's influence. Mean diameter of the filler was 10.1±4.65 µm. Therefore, a calibration curve was created from a preparation with a 20 µm positional relation, and the reliability was verified. As the result, in the CM20 curve, the calculated area was similar to other curves, MV and AV. Therefore, it was suggested that the filler diameter must be considered when the calibration curve is created using filler containing bite impression material.
We investigated the influence of other commercial bite impression materials' filler on the ability to make a 10 µm thin record. Commercial bite impression materials used were Imprint Bite (3M ESPE, Tokyo, Japan), Memoreg2 (Heraeus Kulzer Japan Co., Osaka, Japan), Blue Silicone (GC, Tokyo, Japan), Real Bite (Tokuyama Dental Co., Tokyo, Japan) and ExabiteⅢ (GC, Tokyo, Japan). The positional relation between the metal plate and the sphere was set at 10 µm via the fatigue and endurance tester. Three records were cut in half at the center of the thinnest point, and the minimum thickness was measured through a microscope. The mean values of the minimum thickness of Imprint Bite, Memoreg2, Blue Silicone, Real Bite, and ExabiteⅢ were 14.8±3.43 µm, 11.3±0.69 µm, 11.3±0.96 µm, 12.7±1.18 µm, 15.7±4.10 µm, respectively. The mean and standard deviation values of the minimum thickness of Imprint Bite, Real Bite, and ExabiteⅢ were larger than that of Correct Quick Bite (12.2±2.29 µm). Therefore, the filler of Imprint Bite, Real Bite, and ExabiteⅢ might have an influence on making a 10 µm thin record and creating a calibration curve. We thought that the filler of Memoreg2 and Blue Silicone would have an insignificant effect on making a 10 µm thin record and creating a calibration curve because the mean values of the minimum thickness of these materials were close to 10 µm, and the standard deviation was less than 1.00 µm.
In 2007, DeLong et al. 12) took the occlusal contacts calculated from 3D virtual models created from clinical records and compared them to contacts identified clinically via shimstock and transillumination. The accuracy of the occlusal contacts calculated from the virtual interocclusal records and aligned with the virtual casts compared to transillumination were: 0.87±0.05 and 0.84±0.06 by region and 0.95±0.07 and 0.95±0.05 by tooth, respectively. They concluded that the virtual record, aligned virtual arches, and transillumination methods of identifying contacts were equivalent, and show better agreement with each other than with the shimstock method. From these findings, it was suggested that the virtual data and transillumination methods of identifying contacts were equivalent. Since 1990, various systems 13, 14) have appeared on the market for 3D analysis of occlusal contacts. It was considered that this data compatibility would be helpful for a future study on the occlusal assessment with a computer aided system.
In the digital color image, the components of brightness are RGB values. Furthermore, while the light transmits through the material, each RGB value diminishes. The diminishment of RGB values with the digital color image might be influenced by components of transmitted light fluctuation. Therefore, to confirm the reliability of our calibration curve, we investigated the characteristic of diminishment in RGB value with a color image and brightness value with a gray scale image.
In the same gray scale value, each RGB value was constant regardless of the subject and transmitted light condition. It was suggested that Correct Quick Bite has color stability in the transillumination method. In addition, the transmitted light condition did not influence RGB values' fluctuation through any preparations. Therefore, it was suggested that the RGB values' fluctuation did not influence the calibration curve. In addition, the decrement of blue was slower than the red and green. It is considered that the characteristic of decrement depends on the RGB values.
In this present study, the bite impression material with filler was used instead of black silicone. In 1993, Tosa et al. 3) reported that a 5 µm premature contact could be detected via an added image analysis technique with black silicone. On the other hand, the detection accuracy of less than a 20 µm thickness decreased due to using a bite impression material with filler. However, we could calculate an approximate curve from data with material over a 20 µm thickness. Therefore, data in the less than 20 µm thickness material can be obtained from calculating the formula of an approximate curve.
In addition, in this present study, only Correct Quick Bite was selected as a subject material. However, many commercial bite impression materials are used in the clinic. Furthermore, these materials have independent mechanical properties 15, 16) . In future studies, this issue should be investigated.
CONCLUSION
In this present study, the influence of material filler and RGB values' fluctuation for creating calibration curves were investigated. From our results, it was suggested that the filler diameter must be considered when the calibration curve is created using bite impression material with filler. In addition, it was suggested that the RGB values' fluctuation did not influence the calibration curve.
